Introduction
Since von Euler and Gaddum1) have first discovered a factor which they designated as substance P (SP) present in equine brain and intestinal extracts, SP has been suggested to act as a sensory neurotransmitter with a wide range of biological effects, such as hypotensive, smooth muscle contracting and sialogenic actions2). Subsequently, SP was reported to be present in both the central and peripheral nervous systems as characterized immunocytochemically3).
Since vasoactive intestinal polypeptide (VIP) was first isolated from porcine small intestine by Said and Mutt4), VIP has also been shown to be present in both the central and peripheral nervous systems as a neuropeptide with a wide range of biological effects5).
Although several reports are recently ac-cumulated on the distribution of VIP-and SPlike immunoreactivities within the submandibular salivary glands (SMG) of various animals6-17), no information is available on the distribution of both VIP-and SP-like immunoreactivities within the SMG of mice except a report15). The present study was, therefore, designed to determine the localization of both VIP-and SP-like immunoreactivities within the SMG of mice, using polyclonal, monospecific antibodies. Materials and Methods
Specimens
Specimens of the SMG were collected from ten Balb/c male mice at 4 to 5 weeks of age. Mice were obtained from Institute for Experimental Medicine, Military Academy, Belgrade, Yugoslavia. The mice were perfused with 0.4% solution of benzoquinone in 0.01M phosphate buffered saline (PBS, pH 7.1-7.4) for 5 min. Immediately, they were killed by cervical dislocation and the SMG was fixed in the 0.4% benzoquinone solution for 2h. Subsequently, the tissue was rinsed several times in a solution containing sucrose ( The indirect immunofluorescence19) and PAP20) immunostaining methods were used. The color was visualized by 3, 3'-diaminobenzidine tetrahydrochloride (DAB)21). After developing, the sections were counterstained with methylgreen, mounted in 80% glycol/ PBS and examined by an Olympus AH-2-microscope. Comparative photographs were taken using Kodak Ectachrome 50 film (50 ASA).
Controls Negative controls were as follows: a. The tissue sections were directly incubated with each antiserum without any following antibody steps.
b. The first-or second-layer was omitted, or the first-layer was replaced with normal goat sera.
c. Antisera pre-absorbed with their respective peptides (0.1-10 nmol/ml of diluted antiserum) were applied.
Results
Nerve fibers containing VIP-and SP-like immunoreactivities were observed in the SMG of Balb/c male mice at 4 to 5 weeks of In the SMG of Balb/c male mice, the excretory duct received a rich supply of the SP-like immunoreactivity, was observed by the PAP method. Magnification serum with its respective antigen, such as 0.1 nmol/ml of synthetic VIP (Sigma, V3628) or 2 nmol/ml of synthetic SP (Sigma, E8254).
VIP-like immunoreactivities were detected both in the dense plexuses of nerves around the excretory duct (Fig. 1, and Figs. 2A and B), and in the small scattered nerves surrounding the glandular acini and running to the small blood vessels (Fig. 2B) . The most peculiar findings were strong VIP-like immunoreactivities in the nerve cell bodies of the submaxillary ganglion (Fig. 2C) . This was obvious also after the the PAP immunostaining (Fig. 1, arrow) .
A bunch of thin VIPlike immunoreactive nerves originated from this ganglion nerve cell body was observed (Fig. 2C, arrow) . All controls were negative.
The excretory ducts received a particularly rich supply of SP-like immunoreactive nerves, highly obvious with the PAP immunostaining (Fig. 3 ), but also with the indirect immunofluorescence staining (Figs. 4A and B) . The distribution of SP-like immunoreactivities within the SMG was markedly patchy in the areas surrounded by nerves (Figs. 4A and  B) . This was particularly conspicuous within the acinus areas close to the striated ducts ( Fig. 4B ) and interlobular excretory ducts (Fig. 4A) .
However, acinus areas do not lack SP-like immunoreactive nerves (Fig. 4  C) . Contrary to the VIP-like immunoreactivities, the submaxillary ganglion nerve cell bodies, tiny nerves within the gland and blood vessels do not show any SP-like immunoreactivity. All controls were not positive.
Discussion
The existence of nerves histologically distinct from the classical cholinergic and adrenergic types was first postulated by Taxi22) and later established in detail by Baumgarten et al.23) . This new kind of nerve was referred to peptidergic (p-type).
In the salivary gland, p-type neurosecretory granules have recently been elucidated by Kidd et al.24) . The discovery of highly active regulatory peptides in the autonomic and sensory nerves of a wide range of peripheral organs, has dramatically changed old ideas of a bipartite autonomic nervous system9). The salivary glands are not exceptional, as they contain significantly high contents of such biologicallyactive peptides. The VIP-, originally isolated from small intestine by Said et al. 4) , and SP-like immunoreactivities were detected in the nerve fibers of the SMG of Balb/c male mice at 4 to 5 weeks of age, regardless of the two staining protocols.
For the presence of the VIP-like immunoreactivities, our data were consistent with the several reports, as described by several investigators in the SMG of rats6,8,16), cats6,8,11), humans6,8) and mice15), and in the sublingual glands of rats6,9) in general.
However, in the SMG of Balb/c male mice at 4 to 5 weeks of age, an abundant supply of VIP-positive immunostainings was seen in the nerves around the salivary duct, between the grandular acini and along the small blood vessels, and in the nerve cell bodies of the submaxillary ganglion, but not within the cells of duct or acinus portions. There are small differences of the intensity of VIPlike immunoreactivities in the salivary glands among different animal species6,8). These results on the distribution of VIP-like immunoreactivities in the SMG were also very similar to those in the human and rat pancreas25).
The origins of VIP-containing nerves in the SMG are not so far clear, but it could be postulated that they derived principally from an intrinsic neuronal system6,9), which is still unknown definitely, and in a lesser degree from the postganglionic parasympa-et al.:
Localization of VIP and SP in salivary glands 709 thetic nerves6,9,16,26). An intrinsic neuronal system of VIP-containing nerve fibers should be checked by further studies in detail. A similar intrinsic system has also been postulated in SP-containing nerve fibers of the SMG of rats by Goedert et al.12). However, VIPlike immunoreactivities, as well as SP-like immunoreactivities, are also found in neurons of sensory ganglia or in the dorsal horn of the spinal cord27).
For the presence of the SP-like immunoreactivities in the salivary glands, there are some reports on the distribution in the SMG of rats7,10,12,17), in the parotid glands of rats14), dogs and mice10), and in the sublingual glands of rats13,17). Although all organs, in which effects of SP had been shown, also contained the SP-like immunoreactivities, as demonstrated by the immunocytochemical or radioimmunoassayable methods10), the parotid and the pooled SMG and major sublingual glands contained the highest levels of the SPlike substances among all tested organs of rats10). No report on the distribution of the SP-like immunostaining is available in the SMG of mice. However, present results could confirm the presence of the SP-like immunostaining in the SMG of mice (Figs. 3  and 4) . In the SMG of mice, the patchy and varicose SP-like immunoreactivities were observed around the excretory and striated ducts and between the acini, although the SP-like immunoreactivities were not found around the blood vessels and within the nerve cell bodies of the submaxillary ganglion. Our results were consistent with those obtained in the SMG of rats12,13).
The dual origins of the SP-positive nerve fibers are postulated in the SMG of rats12). One type of the SP-like immunoreactivities in the SMG of rats originates from the intrinsic system and locates around the acini, as reported on the VIP-like immunoreactivities6,9),whereas another type of them originates from the sensory neurons and locates mainly around the major ducts of the SMG, which is affected by neonatal capsaicin treatment, as confirmed in the heart28), the iris29), the tongue30) and the dental pulp31). It is very worthwhile to know that non-capsaicin sensitive nerves containing the SP-like im- 
